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Introduction A

= Pulsed laser required for compact space-borne scanning laser radar
system

« Applications:
— Autonomous rendezvous and docking
— Smart lander
— Imaging fidar

» Technology demonstration = make use of commercial components

Pump Laser

InterPACK 03, Maui, HI MWW, -3

Laser System .- R

Custom Microchip Laser assembly Commercial Semiconductor Laser
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808 nm
25w
Lens s Diode laser

Micro-chip
10 pXipulse, 10 kHg,  STystal

B st divs | High power efficiency requires no TEC and hence

P
i remote placement of pump laser for thermal control
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Pump Laser - requirements & specifications - R

«  Optical pump for solid state %.=808 nm +/- 1 nm
microchip laser «  2.5W cw fiber coupled (200 um diam)

* Requirements: = Reliabllity an issue due to power and
optical mode volume

— High power o .
— Fiber coupled » Qualification approach is procure and
. gualify commercial devices based on
- Fixed wavelength Telcordla
independent of temperature
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System Environmental Requirements . - R

ime Operational 5000 bours MTBF |
Non-operational Sysan
Vibration Random i/
20-50 Hz 0,01-0.15 g%z
50-800 Hz 1 g%Hz
800-2000Hz | 1-.065gHz —_—
| Pyro Shock 100-1500 Hz, 1001800 ¢
1500-10000 Hz 1800 g
Thermat QOperating -2010 30°C
Non-operating =40 50°C
Cygling . | 3gycles 144/24 hes bot/eold |
Storage Max Temp
Pressure Space TBD
|_Shieiding EMC _Lsol, cond, rad.
ESD _TBD
Radia
behind 100 mils Al
L lascraafety | Ground operations
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« Critical parameters

« Quiput power, wavelength stability (especially pump laser),
linewidth

* Drive current, efficiency, temperature range
+ Semiconductor laser failure mechanisms
+ Mechanical: Die shear, wire bond fail, fiber pull
« Metal electrode and solder stability; soft — diffusion, hard —
instability
« Device dislocations and defects
» Facet damage — oxidation and COD
» Bandgap shrinking - facet heating
« Optical mode quality
* Radiation damage (eg 0.01 dB/krad penalty)
« Telcordia (Bellicore) standard used in fiber optic industry
» Defines testing, performance and evaluation criteria
+ Generally meet or exceed environmental system requirements

Custom qualification testing flow based on Telcordia standard
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Laser Performance/Reliability Issues .H.

Testing Flow . -




Qualification Test Plan: Screening Flow o - R

Reguirsd Reject Ciwria a3 Special Instructions C
isual, bord pull Bber  MI-Std-883 where appiicably 2 passed Destnciive tost ;
pull, pure tin on iseds samples taken from
ariication Flight lot; Done at JPL
Seaication (Warerm WK only A ALY, pamnd
Devices
Elactricals  [Tast io data sheat @ | Data to be recorded AN Fx passad Non-destructive
+20C,+25C, Denices cormelation test units
usad 1o varify test setup
and fodures.
Tamp Cycle |Ta = 40C/+80C 10 cycles ANFR pAmed "~ [Non-destructie test
(2degree C /min) and Denices used 1o screen fight
{10 dogree C fmin} parts
[ XRay Actha chip attach to Volkis of 10% or gredter wik be AlLFR pased Non-desiructive test
haat 3ink moled. Dmices usad lo screan Sight
paita.
Eleciicas | Test 1o deta shest @ | Data \o be Tecomed Al Fr pasesd Non-gesinuciive test
+20C,+25C L Devces uged 10 screen Mght
paits.
Bum-in {(+40C T)) 30% Rated  [NA AllFR passed MNon-gestructive test
Power 24 hours Dendces
[Electricals | Tesi to data sheet @ Daln to be racorded ANFR pazmed
+20C,+25C Dnices
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Qualification Test Plan: Qualification Flow eli" ke

Ll Test {  [(+B0C 1) 20% Rated |N/A ##om [T Desinuctie test used fo
BurrHn) Power 500 hours stop @ cqualify fight parts.
End Poit  [Test to deta sheet §§ | Data to be recorded pasd i 1est usad to
El 4200 + 250 gkt pasts.
Ta=-40CHB0C (2 |50 cycles ] pasoed Destructive tast vasd o
degwes © /min) and & “ quality Mot parts.
degre C imin)
Teat to deta sheet @ Data to be racorded passd Destructive test used lo
+20C +25C quakity light parts.
HEM TBD 2 passd Destructhe test used to
qualty Sight parts.
Pre & post lest to data | Data 1o be raconded passed [ test usad to
Electricals [shoel & +20C,+25C qualtly fight parts.
with pre and post ESD
input diode
orwand/reverse cune
recomied USing cune
tracer
ibration 1“[. 853 Method 2007 2 pased (Destructive test used la
Cond A quakdly fight parts.
End Point  |Tast to deta sheat & Data to be recorded passed [ tast used o
Eleciricals  |+20C +25C Qqualify Might perts.
[otemal ML-STD8a3 Wik S000 ppm waler vapor H paswd DesiTucte tesi used fo
Method 10H8 quatly flight pasts.
[FRG MLSTO-083 z Nondestn/cthe test
Method 2020 usad to quakly Nght
| 1 passed 1 snomoly pents.
Constant Ml 6823 Method 2001 2 Destructive teat used to
A Cond B 2 faided quality fight parts.
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Life Test — analysis and results S

= Laser life test requirements based on Arrhenius model with assigned
activation energy

= 5000 hours at 25° C = requires 500 hour test at 40° C base temperature
(junction temp ~ 60° C)

C-mount Diode Laser, 3 W, 40°C Failures Packaged Diode Laser Lifetimes
[} 100 200 300 400 500
F e
5 B0 ikt coupied Piimp Diodes
g Constant Power
& Frowkace T
g w
[
o 10000 00000 o
Time, hours. Time, hrs
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DPA Results o - R

Destructive Parts Analysis performed on initial sample

Results: SEM Photo — 35x
Exiemal Visual Mil Sid 833 Meth 2009 Pass
Hermiticity Mil Sad 883 Meth 1914.1 N/A fall He fine
< leak.*
RGA Mil Sud 833 Meth 5009 NA
Intemnal Visual Mil Sid 883 Mcth 2617 Pass
A
Bond Pull Mil St 883 Mcth 20411 Muitiple, avg. pass
SEM Analysis Mil Std 883 Mcth 2018 Pass
Dig Shear Mil Std 883 Mcth 2019 Pass Diock Wire bonds

Fiber lens coupler

*The part was subjected to fine leak only to verify the lack of hermeticity.
The high leak rate is most likely due to the absorption of hefium by the
sealant around fiber coupling during the 2-how pressurization at 45 psig,
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PIND & Vibration Results .H

* PIND: Shock + acoustic (1000 g's followed by 10 g's @ 60 Hz )
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Temperature Cycling o = R

+  Temperature cycled: —40°C to 60°C, 2°C/min - 8x screening,
5° C/min - 50 x qualification

28 = g 300 H
—n—Tharma) Cycm, i
20 BT haemel Gyole, 80 £, 5°Cmin g 250
E
2 s8] . ™
[y 150
g 1.0 / g
o 100
O st .
// 2 s
00F »—s < o
0o o605 10 5 20 25 30 1.0 1;2 1.'4 1?0 1.6 20 22 24 28
Current, mA Pump Current, A

No significant difference between cycling at 2° C/min and 5° C/min for 50 cycles each
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Constant Acceleration and final DPA .H.

» Test: 5000 g's 3 axis, 2 orientations /axis, 1 min each axis

Device failure: note fiber — diode misalignment
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Summary Sl

» Qualification test plan developed for high power laser diodes. Telcordia
{Bellcore) qualification has similar requirements.

+ Commercial pump laser diodes can be qualified for space applications.

* Packaging does not meet high acceleration environment.
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